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Extremely metal-deient (XMD) galaxies are dened as galaxies with oxygen abun-
danes given by 12 + log(O/H) . 7.65 (Kunth & Ostlin). XMD galaxies are rare in
the loal Universe, and there are only six known galaxies with oxygen abundanes,
12 + log(O/H) ≤ 7.3. Interstellar medium (ISM) metalliities as low as those of XMD
galaxies are expeted in high-redshift primeval galaxies, and, as suh, detailed stud-
ies of loal XMD galaxies are expeted to provide insights into the proess of star
formation and galaxy evolution in the early Universe.
The true nature of XMD galaxies, and the reason for their low metalliities are
not yet fully understood. Possible reasons for the low metalliity inlude (a) infall of
pristine material, (b) outow of enrihed gas, or () slow hemial evolution, or in the
extreme, that these galaxies are forming the stars for the rst time. While there were
some suggestions that some XMD galaxies may be forming stars for the rst time,
resolved stellar photometry of I Zw 18 shows that, for this galaxy at least, this is not
the ase ( Aloisi et al. 2007).
The majority of the loal XMD galaxies are Blue Compat Galaxies (BCGs), and
they are urrently undergoing a burst of star formation. It would be interesting to
hek if there are any spei triggers of urrent star burst in XMD galaxies. Mergers
and interations an at as drivers of star formation (e.g., Mihos & Hernquist 1996). H i
maps of XMD galaxies also allow one to measure H i surfae densities at the positions
of star-forming regions, and nd out whether there is threshold H i surfae density
for star formation. For example, Skillman (1987) and Taylor et al. (1994) found that
star formation ours at H i surfae densities above 1.0 × 1021 atoms m−2, in dwarf
irregular and H ii galaxies, respetively. This ould be related to a threshold amount
of dust shielding required for the prodution of moleular gas. If so, one expets the
threshold olumn density to vary with the gas-phase metalliity. Loal XMD galaxies
are ideal for the purpose of testing the latter. In this ontext, it is interesting to note
that prior to this thesis, there were only two XMD BCGs with published H i synthesis
observations, viz., I Zw 18 and SBS 0335052 (van Zee et al. 1998; Pustilnik et al.
2001). In fat, these two galaxies have long been regarded as arhetypes of XMD
galaxies, and hene, most detailed studies have foused on them.
In the thesis, I present H i synthesis observation of twelve XMD galaxies. These
inlude ve of the six most metal-deient galaxies known. GMRT H i maps of three
of these, viz., DDO 68, SDSS J21040035 and UGC 772 are presented in Chapter 2.
The maps show that all three galaxies have unusual H i morphologies and kinematis,
whih I interpret as either due to tidal interation with neighbouring galaxies, or the
onsequenes of a reent merger. The remaining three of the six most metal-deient
galaxies are also known to have highly disturbed H i distributions with indiations of
ongoing merger. It is interesting that although these galaxies were hosen solely on
the basis of their metalliity and not for any partiular signs of interation, all of them
turn out to be either interating or merging.
I also try to determine the threshold gas-density for star-formation in our sample of
galaxies in Chapter 2, and nd that, in general, these galaxies do not show a one-to-one
orrespondene between regions of high H i olumn density and regions with urrent
star formation. However, to the extent that one an dene a threshold density, its
value (∼1021 atoms m−2) is similar to that in galaxies with muh higher metalliity.
The highest olumn densities that I detet in regions far outside star-forming regions
(i.e., a lower limit to the star-formation threshold) are ∼ 2×1021 atoms m−2.
In Chapter 3, GMRT H i maps of the most metal-poor system, i.e., SBS 0335
052 are presented at a variety of resolutions. SBS 0335052 system onsists of two
of the most metal-deient star forming loal galaxies known, viz., SBS 0335052E
and SBS 0335052W. These images show that SBS 0335052 is a strongly interating
system, with a faint diuse H i bridge seen at low resolution, and elongated tails seen
at the higher resolutions. The overall morphology suggests that the pair represents a
major (as both galaxies have similar H i masses) merger of extremely gas-rih galaxies,
whih is urrently past the rst lose enounter. The low-resolution veloity eld is
dominated by the veloity dierene between the two galaxies and the veloity gradi-
ent along the tidal features. However, for SBS 0335052W at least, at high angular
resolution, one sees a entral veloity eld that ould be assoiated with the spin of
the original undisturbed dis.
The highest angular resolution H i images of SBS 0335052E show that the ionised
superbubble, identied by Thuan, Izotov & Lipovetsky (1997), in the Hubble Spae
Telesope (HST) images of SBS 0335052E, is extended along one of the diuse tidal
features, and that there is a high-density H i lump at the other end of the superbubble.
The star formation in SBS 0335052E ours mainly in a group of superstar lusters
(SSCs) with a lear age gradient; the age dereases as one approahes the dense H i
lump. I suggest that this propagating star formation is driven by the superbubble
expanding into a medium with a tidally-produed density gradient. The high pressures
assoiated with the ompressed material would also naturally explain why urrent star
formation is mainly onentrated in superstar lusters.
Many of the XMD galaxies are known to be members of galaxy pairs. I present
detailed H i interferometri study of one suh XMD galaxy, viz., SBS 1129+576 in
Chapter 4. SBS 1129+576 has a weighted mean oxygen abundane of 12+log(O/H)
= 7.41±0.07. Our H i observations show that the galaxy is strongly interating with
a ompanion (projeted separation ∼ 27 kp) galaxy, SBS 1129+577. H i emission
from a third, smaller galaxy, SDSS J113227.68+572142.3, is also present in the data
ube. I study the H i morphology and kinematis of this small group at angular
resolutions ranging from ∼40′′ to 8′′. The low-resolution map shows a bridge of emis-
sion onneting the two larger galaxies and a large one-armed spiral distortion of the
dis of SBS 1129+577. Assuming that most of the bridge gas originally ame from
SBS 1129+576, ∼1/3 of its original gas mass has been stripped o. The third smaller
galaxy does not show any sign of interation with the other two galaxies. The higher-
resolution maps show that SBS 1129+577 has a entral bar and a ring surrounding
the bar; there is also a hint of an integral-shaped warp in SBS 1129+576. All these
features are very likely to have been indued by the tidal interation.
In both SBS 1129+576 and SBS 1129+577 there is, in general, a good orrespon-
dene between regions with high H i olumn density and those with ongoing star
formation. In ontrast to SBS 1129+576 and SBS 1129+577, whih are very gas-rih,
the third member of this group, SDSS J113227.68+572142.3 is gas-poor.
In Chapter 5, H i maps of four other XMD galaxies in pairs, namely, HS 0122+0743,
HS 1059+3934, SDSS J1105+6022 and HS 1442+4250 are shown. All four XMD
galaxies show H i tidal features like bridges and extended tails.
GMRT observations of two XMD galaxies, UM 133 and SDSS J011914.27093546.4,
with no known nearby ompanions, are desribed in Chapter 6. These two galaxies were
speially seleted not to have any known nearby ompanions. None the less, I nd
that both galaxies have highly disturbed H i morphologies and veloity elds. These
ould have arisen from interations with more distant ompanions than onsidered in
our isolation riteria, or merger with extremely gas-rih dwarf ompanions.
In Chapter 7, I address the question that whether XMD galaxies represent a sep-
arate population, or are they merely the low-metalliity tail of the galaxy metalliity
distribution? To answer this question, I have onstruted a sample of XMD galaxies,
along with omparison samples of blue ompat galaxies (BCGs) and dwarf irregular
(dI) galaxies. I derive luminousitymetalliity (LZ) and massmetalliity (MZ) or-
relations for eah of the BCG and dI samples and see where XMD galaxies lie with
respet to these orrelations. I nd that while some of the low-luminousity XMD galax-
ies lie along these relations, other XMD galaxies are deviant, and more so, as their mass
and/or metal-deieny inreases. I draw the 95 % ondene interval around the LZ
relation for BCGs, and nd that its lower boundary is given by 12 + log(O/H) = 
0.177 MB + 4.87. I suggest that a galaxy should be regarded as XMD, in a statistially
signiant manner, only if it lies below this boundary in the LZ plane. Of our sample
of XMD galaxies, I nd that more than half are XMD by this riterion, and in fat,
nine of the galaxies lie outside the 99.5 % ondene interval about the LZ relation.
I also determine the gas mass frations and hemial yields of galaxies in three
samples. For eah of our BCG and dI samples, I nd that the eetive yield inreases
systematially with mass. This suggests that enhaned loss of hemially-enrihed gas
for low-mass galaxies ontributes in bringing about the LZ relation. XMD galaxies
have slightly larger gas mass frations than BCGs and dIs. Their eetive yields are
also systematially lower than BCGs or dIs of omparable masses. The latter suggests
that some proess, peuliar to XMD galaxies, has resulted in their low metalliities.
As seen from the GMRT H i maps of XMD galaxies, interations and/or mergers are
ommon in them. As already disussed, they an ause more uniform mixing of the
ISM and lower the observed metalliity. In isolated dwarf galaxies, the outer parts
of the gas envelope probably do not partiipate in the star formation, but are still
generally inluded in the alulation of eetive yield. This results in an over estimate
of the eetive yield. Improved (tidally driven) mixing of the ISM in XMD galaxies
would lead to a lowering of both the measured metalliity and the alulated eetive
yield. I, hene, suggest that XMD galaxies are deviant beause of a ombination of
being gas-rih (i.e., having proessed less gas into stars) and a more uniform mixing of
the ISM, resulting in a dilution of the metal ontent in the entral star-forming regions.
I summarise the main results of the thesis in Chapter 8.
Publiations
1. `HI studies of extremely metal-deient galaxies - II. Giant Metrewave Radio
Telesope observations of SBS 1129+576'
Ekta, Chengalur J.N., Pustilnik S.A., 2006, MNRAS, 372, 853-861.
2. `HI and star formation in the most metal-deient galaxies'
Ekta, Chengalur J.N., Pustilnik S.A., 2008, MNRAS, 391, 881-890.
3. `HI in very metal-poor galaxies: the SBS 0335-052 system'
Ekta B., Pustilnik S.A., Chengalur J.N., 2009, MNRAS, 397, 963-970.
4. `HI in isolated extremely metal-deient galaxies'
Ekta B., Chengalur J.N., 2010, aepted in MNRAS.
5. `When are extremely metal-deient galaxies extremely metal-deient?'
Ekta B., Chengalur J.N., 2010, submitted to MNRAS.
6. `HI in extremely metal-deient galaxies: members of galaxy pairs'
Ekta B. et al., 2010, in preparation
